In young men with a paternal history of myocardial infarction, an OFTT detects altered insulin sensitivity that is not identified by an OGTT, minimal modelling or HOMA. Ann Clin Biochem 2005; 42: 382-386
Background Concentrations of cholesterol, triglycerides and glucose are higher in young men with a paternal history of premature myocardial infarction than in ageand sex-matched controls.
Aim To test the hypothesis that insulin resistance constitutes the biological expression of increased coronary risk in these subjects.
Design A total of 407 male university students with a paternal history of premature myocardial infarction (cases) and 415 age-and sex-matched controls were investigated for differences in insulin sensitivity.
Methods Four methods of assessing insulin sensitivity were used: (i) insulin and glucose responses to an oral glucose tolerance test (OGTT); (ii) insulin and glucose responses to an oral fat tolerance test (OFTT); (iii) minimal modelling of insulin and glucose data from a frequent sample intravenous glucose tolerance test performed on a subset of 55 cases and 50 controls and (iv) homeostasis model assessment (HOMA) of insulin resistance.
Results
The OFTT glucose response discriminated between cases and controls, with a smaller fall in glucose in cases compared with controls. The negative area under the glucose curve (AUC) (mean [standard error of the mean (SEM)]) was À1.42 (0.09) mmol min/L in cases and À1.76 (0.09) in controls (P ¼ 0.004). Peak height (mean [SEM]) was À0.65 (0.02) mmol/L in cases and À0.73 (0.02) in controls (P ¼ 0.007). The insulin responses were similar in cases and controls. Insulin AUC (mean [SEM]) was 161 (10) mU min/L in cases and 148 (10) in controls (P ¼ 0.34). This combination of findings suggests that insulin-stimulated glucose uptake was reduced in the cases. These findings were consistent across European regions. None of the other methods revealed any differences between cases and controls.
Introduction
The ¢rst European Atherosclerosis Research Study (EARS) identi¢ed variables which appeared to discriminate male university students with a paternal history of premature myocardial infarction (cases) from age-and sex-matched controls recruited from the same student populations. 1 Plasma concentrations of total and lowdensity lipoprotein cholesterol and triglycerides were higher in cases than controls; glucose, body mass index and waist hip ratio were also slightly higher. This led to the hypothesis that insulin resistance may constitute the biological expression in young men of the coronary risk associated with a paternal history of premature myocardial infarction. The aim of the current study was to test the hypothesis that young men with a paternal history of premature coronary heart disease are insulin resistant.We did so by investigating di¡erences between cases and controls in several surrogate measures of insulin resistance: the glucose and insulin responses to an oral glucose tolerance test (OGTT), an intravenous glucose tolerance test and an oral fat tolerance test (OFTT). In addition, we used the fasting insulin and glucose data generated by these procedures to perform homeostasis model assessment of insulin resistance (HOMA-IR).
Subjects and methods
Research ethics approval was obtained for the study at each participating centre.
Subjects
Cases (n ¼ 407) were male students aged 18--26 with a paternal history of premature myocardial infarction (father had ascertained myocardial infarct aged o55 years). Controls were students without such a history (n ¼ 415). Cases and controls were matched for age and sex, and were not signi¢cantly di¡erent for body mass index, waist:hip ratio, systolic and diastolic blood pressure, or for physical activity, alcohol consumption and smoking assessed by questionnaire. Subjects were recruited at 14 universities across Europe. The characteristics of case and control groups have been described elsewhere. 2
Methods of measuring insulin resistance
Four methods of measuring insulin resistance were used:
(1) insulin and glucose responses to an OGTT;
(2) insulin and glucose responses to an OFTT;
(3) minimal modelling of insulin and glucose data from a frequent sample intravenous glucose tolerance test (FSIGTT) performed on a subset of cases (n ¼ 55) and controls (n ¼ 50); (4) HOMA-IR using fasting insulin and glucose data. 3
The OGTT was performed according to the 1985 World Health Organization protocol. 4 The FSIGTT was performed according to a standard protocol and involved the administration of 300 mg/kg glucose in a solution of 50% dextrose in water. 5 The OFTT meal was administered in 500 mL and consisted of 1493 kcal energy. 2 It contained 21.6 g protein, 56.2 g carbohydrate and 65.5 g fat, of which 41.6 g was saturated fat; the cholesterol content was 416.6 mg. Subjects consumed the meal over 15 min after a 12-h fast, and blood samples were withdrawn at 0, 2, 3, 4 and 6 h.
Analytical methods
Glucose and insulin were measured in Glasgow for the OGTT and OFTT, and in Zurich for the FSIGTT. Glucose was measured by a hexokinase/glucose-6-phosphate dehydrogenase method (intra-assay coe⁄cient of variation [CV] o2% in both laboratories). In Glasgow, insulin was measured by an in-house radioimmunoassay using guinea-pig anti-insulin antiserum, the solid phase consisting of sheep anti-guinea-pig antiserum coupled to Sepharose CL-4B. In Zurich, a commercial kit (Coat-a-Count s ) was used (Diagnostic Products Corporation, Basel, Switzerland). For both assays, the intra-assay CV was o5% for samples with insulin concentrations 4100 mU/L, increasing to 15% for samples o5 mU/L. Samples from each individual were analysed in the same batch. The laboratories were blinded to whether samples were from cases or controls. Results were electronically transferred to a central database in Paris for statistical analysis.
Statistical methods
The glucose and insulin responses to the OFTT and OGTT, the insulin sensitivity index from the FSIGTT 5 and HOMA-IR were compared between case and control groups after adjustment for age and centre. Each glucose and insulin response was calculated, by the trapezoidal rule, as the area above/under the curve (AUC) relative to the basal concentration. We also looked to see if case/control di¡erences in the responses to the various procedures depended on any of the fasting variables.
Results
Table 1 summarizes the case/control comparisons for the parameters generated by di¡erent procedures or methods. Brie£y, the glucose and insulin responses to the OGTT were similar in both groups, as were the insulin sensitivity index generated by minimal modelling and HOMA-IR.
The glucose response to OFTT discriminated between cases and controls. A smaller (negative) glucose AUC (P ¼ 0.004) and peak height (P ¼ 0.007) were seen in the cases. The signi¢cance of these di¡erences persisted after adjustment for fasting glucose concentration (P ¼ 0.028 for the di¡erence in adjusted glucose AUC and P ¼ 0.05 for the di¡erence in adjusted peak height). In addition, this ¢nding was consistent across European regions (data not shown). The OFTT insulin responses were similar in cases and controls (Table 1) , suggesting that insulin-stimulated glucose uptake was reduced in the cases, or, put another way, that they were more insulin resistant.
Discussion
This study set out to test the hypothesis that insulin resistance constitutes the biological expression in young adult men of the risk associated with a paternal history of premature myocardial infarction. None of the conventional methods of measuring insulin resistance that were used demonstrated a signi¢cant di¡erence between cases and controls. However, the OFTT glucose responses clearly indicate that the sons of men with premature CHD handle a mixed meal di¡erently from age-and sex-matched controls. The fall in glucose was smaller in the cases, despite similar insulin responses, suggesting that insulin-stimulated glucose uptake was reduced in the cases, or that they were more insulin resistant.We have previously shown similarly subtle di¡erences between cases and controls in the triglyceride response to the OFTT, 2 and believe that, collectively, our ¢ndings represent early metabolic manifestations of cardiovascular risk in the cases.
The di¡erences between cases and controls in the OFTT glucose response were small for both the AUC and the peak height, and clearly could not be used to discriminate between individual subjects. However, the di¡erences were highly signi¢cant, remained so after adjustment for fasting glucose, and were consistent across regions. This is precisely what one would expect where subtle di¡erences in insulin sensitivity exist between cases and controls. Although the cases were at risk of developing insulin resistance, the a priori likelihood was that any alterations in insulin sensitivity would be small in a population of young thin ¢t men. Mean age was 22.8 years and mean BMI was 23 kg/m 2 in both case and control groups, and 90% in each group reported physical activity that was moderate or heavy. This may help to explain the failure of the other methods of measuring insulin resistance to discriminate between cases and controls.
The OFTT is not normally used to assess insulin sensitivity, and sampling is much less frequent than in other methods of measuring insulin resistance. However, the duration and frequency of sampling during the OFTT re£ect the fact that a mixed meal provides a very di¡erent metabolic challenge to insulin and other hormones compared with oral or intravenous glucose. Four hours after the mixed meal was administered in this study, neither glucose nor insulin had returned to their baseline levels in either case or control groups (Po0.001 for all comparisons), providing evidence of a continuing metabolic response to the meal. Assumptions about the appropriateness or otherwise of the OFTT sampling protocol for the assessment of insulin sensitivity should therefore be made with caution. Indeed, mixed meals such as the one used here may be more physiological than glucose loads, and may be able to detect changes that are not elicited by glucose alone.
We suggest that the most plausible interpretation of our data is that the discriminating OFTT glucose responses arose from altered insulin sensitivity in the cases. The discriminating anthropometric and biochemical variables identi¢ed in the original EARS study 1 provide additional evidence of insulin resistance in the cases. Our collective ¢ndings support previous studies linking insulin resistance with postprandial lipaemia, both in healthy subjects 7 and in speci¢c populations. 8--10 Although not measured in the current study, altered non-esteri¢ed fatty acids would explain both altered insulin sensitivity and postprandial lipaemia; they have been shown elsewhere to act as a link between fat and glucose metabolism. 11 Our ¢ndings provide evidence that young men with a paternal history of premature myocardial infarction may be in the early stages of developing insulin resistance. 
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